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Figure 6.1  Pbar  beamlines 
 

 

VI.  Transport Line s  
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A.  In troduction  

 There a re six beam transpor t  lines used to connect  the Debuncher  and 

Accumula tor  to the Main  In jector , a s well a s to each  other . Figure 6.1 

provides an  overview map of the beamlines to help visua lize their  layou t . 

 

•  The P1, P2 and AP-1 lines t ranspor t  120 GeV protons extracted 

from the Main  In jector  to the pbar  product ion  ta rget . When  

opera t ing a t  8 GeV, the AP-3, AP-1, P2 and P1 lines deliver  

an t iprotons extracted from the Accumula tor  to the Main  In jector . 

Protons can  a lso be "reverse in jected" from the Main  In jector  to the 

Accumula tor  for  t ransfer  tune-up or  studies. 

 

•  AP-2 t ranspor ts 8 GeV an t iprotons from the Target  S ta t ion  to the 

Debuncher  r ing. Protons can  be reverse in jected from the 

Debuncher  in to the AP-2 line for  studies. On  in frequen t  occasions , 

magnet  pola r it ies a re reversed in  the AP-2 line and the Target  and 

Lith ium Lens removed to a llow 8-GeV protons from the Main  

In jector  to be t ranspor ted to the Debuncher  for  studies. 

 

•  The D to A line t ransfers an t iprotons between  the Debuncher  and 

Accumula tor . Protons tha t  have been  reverse in jected in to the 

Accumula tor  can  a lso be t ransfer red in to the Debuncher  for  

studies. 

 

 Deta iled maps of the beamline magnet  loca t ions haven‟t  been  included in  

th is chapter , bu t  a re ava ilable elsewhere. Specifica t ions of electr ica l, cooling 

water  and vacuum systems a re cons isten t  with  those found in  the 

Debuncher , deta ils can  be found in  the Utilit ies chapter  of th is book. The 

Diagnost ics chapter  con ta ins in format ion  abou t  Beam Posit ion  Monitors 

(BPM's), Beam Loss Monitors (BLM‟s) Secondary Emission  Monitors (SEM‟s) 

and other  diagnost ics found in  the t ranspor t  lines. 
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 B .  Nam ing  Conve ntions  

 The naming conven t ion  used in  the t ranspor t  lines can  be confusing, 

because there a re both  magnet  names and power  supply names. Magnets a re 

genera lly iden t ified by their  in sta lla t ion  names since the pow er  supplies a re 

often  con nected to mult iple loads. Table 1 summarizes magnet  and power  

supply names for  the beamlines. Note tha t  consecu t ive magnets a t  a  given  

loca t ion  a re iden t ified with  an  addit iona l digit  (e.g. HV7071, HV7072) or  

let ter  (e.g. PQ9A, PQ9B). 

 The leading let ter  in  the magnet  names  for  the pbar  beamlines represen t s 

wh ich  beamline it 's a  pa r t  of; for  AP -1 magnets the "P" is for  "Proton", in  AP -

2 the "I" is for  "In ject ion", in  the D to A line the "T" is for  "Transfer" and in  

AP-3 the "E" is for  "Extract ion". The second let ter  is somewhat  in tu it ive, "B" 

is for  "Bend" (dipole), "Q" is for  "Quad". Tr ims a re iden t ified with  a  

hyphena ted extension , HT (VT) for  a  hor izon ta l (ver t ica l) t r im. Dipoles a re 

assumed to be hor izon ta l un less otherwise indica ted, e.g. IB1 is a  hor izon ta l 

dipole wh ile IBV1 is a  ver t ica l dipole. In  AP-1, bending ma gnets tha t  have 

been  rolled to bend in  both  the hor izon ta l and ver t ica l planes include the 

let ter  “R” in  the magnet  name, e.g. PBR2. 

 Or igina lly, there were separa te AP-1 power  supplies for  8 GeV and 120 

GeV opera t ion . The dua l power  supply configu ra t ion  was used to improve 

power  supply regu la t ion  a t  8 GeV. Although  the 8 GeV power  supplies st ill 

exist  (M:H2**, M:Q2**), they a re not  used opera t iona lly. The change from 

Beam line Dipoles Quads Tr ims 

 Power  supplies Magnets Power  Supplies Magnets Power  Supplies Magnets 

P1 I:HV7** HV7** I:Q7** Q7** I:HT7** HT7** 

P2 I:HVF1* HVF** I:QF1* QF1* I:HTF1* HTF1* 

AP-1 M:H10* PB* M:Q10* PQ* M:HT10* PQ*-HT 

AP-2 D:H7** IB* D:Q7** IQ** D:HT7** IQ**-HT 

D to A D:H8** TB* D:Q8** TQ* D:HT8** TQ*-HT 

AP-3 D:H9** EB* D:Q9** EQ** D:HT9** EQ**-HT 

Table 1  Naming conven t ions 
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dua l power  supply opera t ion  to ramping AP -1 was dr iven  by the need to 

reduce the stacking in ter rupt ion  for  t ransfers to the Recycler .  

 

C.  Kicke rs  and se pta  

 Beam transfer  to and from the Pbar  r ings is accomplished with  kicker  and 

septa  pa irs. An  in ject ion  septum bends the beam from a  t ranspor t  line in to 

an  accelera tor  and an  in ject ion  kicker  deflects the beam on to the closed orbit . 

An  extract ion  kicker  deflects beam from the closed orbit  of an  accelera tor  in to 

the field region  of a  septum, wh ich  in  tu rn  bends the beam in to a  t ranspor t  

line. There a re two styles of kickers in  the an t iproton  source, an  Accumula tor  

style and a  Debuncher  style, tha t  both  produce magnet ic fields of 

approximately 500 Gauss. All bu t  one of the septum magnets used in  pbar  

a re a  single-tu rn  design  tha t  a re pu lsed. The except ion  is the Accumula tor  

extract ion  Lamber tson  (ELAM). Normally ELAM is ca lled the Extract ion  

Lamber tson  and the name “Sept um” refers to a  single-tu rn  pu lsed septum 

magnet . 

 

1.  Kicke rs  

 The Debuncher  in ject ion  and  extract ion  kickers a re fer r ite single-tu rn  

t ransmission  line pu lsed magnets tha t  a re simila r  in  design  to those found in  

the Booster , Main  In jector  and Teva tron . The 200 nanosecond fa ll t ime for  

the in ject ion  kicker  and r ise t ime for  the extract ion  kicker  requ ired some 

modifica t ions from kickers previously designed. 

 Debuncher  kickers a re made up of th ree separa te modu les to lim it  

propaga t ion  delay. Figure 6.2 is an  end view of the Debuncher  in ject ion  

kicker , to use as a  reference in  the following descr ipt ion . Each  modu le is 

abou t  a  meter  long and is made up of a  ser ies of 48 sets of 4 fer r ite blocks 

abou t  1.8 cm th ick stacked a round a  copper  conductor . 12 pa irs of capacitors 

a re connected on  one end to the cen tra l copper  conductor  tha t  ca r r ies the 

cu rren t . The other  end is connected to the a luminum case, wh ich  is 

grounded. The modu le case does not  con ta in  the beam tube, wh ich  is an  

externa l ellipt ica l ceramic chamber  5.7 cm. x 4.1 cm. The modu le has a  "c" 

shape tha t  su rrounds the beam tube on  th ree sides, so replacing Debuncher  

kicker  modu les doesn 't  requ ire breaking vacuum. With  the cen tra l conductor  

and fer r ites providing the inductance and the capacitors providing the 

capacitance to the circu it , the magnet  electr ica lly looks like a  10  
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               F igure 6.2  Debuncher  in ject ion kicker  
 

t ransmission  line. The fer r ites, wh ich  a re a t  h igh  voltage like the conductor , 

a re in su la ted from the ou ter  case with  G-10. The capacitors and their  power  

leads a re pot ted with  an  insu la t ing rubber  compound. 

 The Accumula tor  kickers bear  lit t le physica l resemblance to th ose in  the 

Debuncher , a lthough  they a re simila r  electr ica lly. Many of the design  

considera t ions were dr iven  by the need for  excellen t  vacuum and a  cycling 
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              F igure 6.3  Kicker  power  supply diagram  
 

shu t ter  to sh ield the an t iproton  core from the kicker  pu lse. The shu t ter  is a  

pla te of a luminum 5 mm th ick and 3 m long. Three t itan ium arms "rock" the 

shu t ter  in  to and ou t  of place and a re dr iven  th rough  linkage by a  DC 

stepping motor . Since the st ray fields from the kickers a re not  a s st rong as 

or igina lly an t icipa ted, the shu t ters a re usua lly on ly used d ur ing reverse-

proton  opera t ion  to keep wayward protons from mingling with  pbars. 

 The Accumula tor  kickers have a  cylindr ica l conductor  su rrounded by "c" 

shaped fer r ites. The fer r ites a re specia lly prepared and handled to min imize 

ou tgassing. Capacitance in  the kicker  circu it  is provided by dist r ibu t ing 

para llel pla te capacitors a long the length  of the magnet . H igh  voltage pla tes 

a re a t tached to the cen ter  conductor  and ground pla tes a re loca ted between  

the h igh  voltage pla tes. The capacitors make use of an  a lumina  ceramic as a  

dielectr ic as well a s for  va r ious in su la t ing componen ts.  

 The A20 st ra igh t  sect ion  con ta ins both  Accumula tor  kickers. The kickers 

a re housed in  tanks tha t  a re simila r  in  appearance to stochast ic cooling 

tanks. Large h igh  voltage cables feeding in to the kicker  tanks dist ingu ishes 

them from their  stochast ic cooling coun terpar t s. Due to the u lt ra  h igh  
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vacuum requ iremen ts of the Accumula tor , the magnets and tanks a re baked 

ou t  a long with  other  componen ts a fter  vacuum work . 

 Power  supplies a re vir tua lly the same for  both  Accumula tor  and 

Debuncher  kickers. Figure 6.3 diagrams a  typica l kicker  power  supply and 

associa ted componen ts. A hydrogen  thyra tron  tube is u sed as a  h igh  voltage 

switch  to a llow the electr ica l cu rren t  to pu lse th rough  the  kicker . High  

voltage cable is coiled on  la rge a luminum frames to provide a  Pu lse Forming 

Network (PFN) tha t  helps define the shape and dura t ion  of the kicker  pu lse. 

Dur ing a  typica l stacking cycle, the PFN's a re charged up over  abou t  0.5 sec 

to approximately 60 kV by a  Spellman  h igh  voltage power  supply. A CAMAC 

379 modu le provides a  t r igger  pu lse to a  LeCroy 4222 t iming modu le, wh ich  

in  tu rn  provides synchron ized pu lses to kicker  t r igger  modu les a t  the 

appropr ia te t ime to "fire" the thyra tron  tubes. Th is closes the circu it  and 

a llows a  cu rren t  pu lse to pass th rough  the kicker  magnet  to a  10  load. The 

thyra tron  tube is housed in  an  oil-filled cabinet  loca ted in  the service 

bu ilding. The 10  load and PFN's a re loca ted near  the thyra tron  cabinets. 

 

2.  Se pta  

 There a re five septa  magnets found in  the pbar  r ings, fou r  of them are of a  

single tu rn  design . Debuncher  in ject ion  and extract ion  as well a s 

Accumula tor  in ject ion  (two septa  a re used here) u t ilize the single tu rn  pu lsed 

septum. Each  septum is 2 meters long and is made by stacking "c" shaped 

steel lamina t ions in  a  fixtu re with  a  sligh t  (50 m radius) cu rva tu re for  

improved aper tu re. The vacuum enclosu re doubles as a  stacking fixtu re for  

the magnet . Figure 6.4 provides a  cross sect ion  of a  septum magnet . Th e 

septum itself is abou t  1.3 cm th ick (the en t ire septum magnet  assembly has a  

diameter  of abou t  25 cm) and is made up of fou r  pa r ts. A copper  conductor  is 

bonded to a  sta in less steel pla te and  both  ca rry the cu rren t  pu lse (the steel 

pla te provides suppor t ). A sheet  of kapton  insu la tes the conductors from a  

low carbon  steel pla te used to magnet ica lly sh ield the circu la t ing beam 

adjacen t  to the septum magnet . The conductor  ca r r ies up to 25,000 Amps to 

produce a  field of 7,000 Gauss (as compared to 500 Gauss for  the kickers). 

The Debuncher  in ject ion  septum is bu ilt  with  an  in tegra ted beam pipe for  

circu la t ing Debuncher  beam. Th is specia l septum was bu ilt  a s a  Run  II 

upgrade to improve aper tu re by elimina t ing the space normally taken  up by 

the upper  wa ll of the vacuum chamber . 
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 F igure 6.4  Debuncher  ext ract ion septum cross sect ion  
 

 The Accumula tor  extract ion  septum is  a  Lamber tson  style magnet  made 

up of a  field free region  for  circu la t ing beam and a  field region  for  extracted 

beam. A small “C” Magnet  is loca ted in  the AP -3 line ju st  downstream  of 

ELAM and is powered in  ser ies with  the Lamber tson  by the D:ELAM power  

supply. The Lamber tson  is normally powered a t  a ll t imes to preven t  tune and 

orbit  sh ifts tha t  wou ld accompany the power  supply being tu rned off and on . 

Stray fields in  the "field free" region  of the Lam ber tson  a re small enough  to 

compensa te for . 
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 D .  P 1 and P 2 

 The P1 and P2 lines were bu ilt  a s pa r t  of the Main  In jector  project  to 

connect  the Main  In jector  with  the AP -1 line. A deta iled descr ipt ion  of both  

lines can  be found in  the Main  In jector  Rookie Book. The AP-1 line or igina lly 

a t tached to the old Main  Ring a t  the F-17 loca t ion  before it  was replaced by 

the Main  In jector . Although  the F -17 Lamber tson  magnets were replaced by 

a  B3 style dipole to improve aper tu re, the or igina l C-magnets were reta ined 

to accommodate the P3 line to Switchyard. With  the addit ion  of t he P1 and 

P2 lines, the t ransfer  lines to and from pbar  were extended by 430 meters. 

 

D.  AP -1 

 AP-1 is approximately 172 meters long from F17 in  the Teva tron  

enclosu re to its terminus a t  the product ion  ta rget  in  the Vau lt . Ver t ica lly the 

line increases eleva t ion  2.1 meters between  the P2 line and the product ion  

ta rget . The AP-1 line‟s design  was predomina tely dr iven  by the need to 

efficien t ly t ranspor t  120 GeV protons  from the old Main  Ring t o the Target  

Vau lt . An  addit iona l requ iremen t  was tha t  the proton  beam had to be focused 

to a  small spot  size on  the product ion  ta rget . With  these considera t ion s in  

mind, the opt ics of the AP -1 line can  be broken  down in to th ree sect ions. 

 The first  sect ion  runs from the extract ion  channel a t  F17 th rough  PB5 

(M:HV102) and was designed to cancel hor izon ta l dispersion  from the Main  

Ring. Although  beam no longer  comes from the Main  Ring, the P2 line was 

designed so tha t  the la t t ice funct ions closely matched th ose in  the old Main  

Ring. A B3 style magnet  replaced the or igina l two extract ion  Lamber tsons a t  

F17 to improve aper tu re. However , two 118.4 inch  C-magnets from the 

or igina l extract ion  channel remain  and a re powered in  ser ies with  the B3 

magnet  (I:F17B3). The B3 magnet  and C-magnets bend beam from the P2 

line upwards by 32.6 mrad. To provide clea rance for  the AP-1 line, the P3 

line has a  double st rength  dipole in  place of the normal B-2 dipoles a t  F17-4 

and F17-5. 

 Downstream of the extract ion  channel, beam con t inues upward and to the 

ou tside (from the perspect ive of the P2 line  and tunnel). Hor izon ta l t r im P0-

HT (M:HT100) follows, wh ich  was or igina lly in tended to compensa te for  the 

residua l angle a t  F17 of beam extracted from the Main  Ring. A four -dipole 

st r ing, composed of PB1&2 and PBR1&2 (M:HV100), is next . The second pa ir  

of dipoles in  th is st r ing is rolled 41° to provide both  ver t ica l and hor izon ta l 



 T he An tiproton  S ource R ookie Book  

T ransport L ines 6-10 Version  2.0 

bending (the "R" in  the magnet  name stands for  "rolled"). Quadrupole PQ1 

(M:Q101) and t r im PQ1-VTA (M:VT101A) follows and then  AP-1 passes 

th rough  a  „sewer  pipe‟ of abou t  23.2 meters and on  to the Pre-Target  

enclosu re. The first  elemen t  in  th is enclosu re is t r im PQ1 -VT (M:VT101) and 

is closely followed by PQ2 (M:Q102). A ser ies of fou r  dipoles, the first  of 

wh ich  is rolled 45°, PBR3 and PB3-5 (M:HV102), follow. 

 The second sect ion  acts to cancel ver t ica l dispersion . It  includes PQ3 

(M:Q103), PQ4 (M:Q104), and PQ5A&B (M:Q105I&V). PQ5A&B have two 

power  supplies because it  was expected tha t  they wou ld run  a t  a  h igher  

cu rren t  than  a  single supply can  deliver . A hor izon ta l t r im dipole, PQ5-HT 

(M:HT105), is next  and is followed by two ver t ica l dipoles, PBV1&2 

(M:V105), wh ich  st ra igh ten  ou t  the upward climb of the beam towards the 

ta rget . The remainder  of the AP-1 line is level between  PBV1&2 and the 

product ion  ta rget . 

 The fina l sect ion  is composed of eigh t  quadrupoles in  fou r  circu its, 

PQ6A&B (M:Q106), PQ7A&B (M:Q107), PQ8A&B (M:Q108), and PQ9A&B 

(M:Q109). These elemen ts provide the fina l focus for  the proton  beam to 

min imize the spot  size on  the ta rget  (leading to maximized an t iproton  yield). 

A hor izon ta l t r im, PQ7-HT (M:HT107), is loca ted just  upstream of the fina l 

quad doublet  and a  ver t ica l t r im, PQ8-VT (M:VT108), ju st  downstream. 

These t r ims a re used to finely tun e the beam‟s posit ion  on  the ta rget  to abou t  

± 0.2 mm. Th is th ird sect ion  is coinciden ta lly housed tota lly with in  the Pre-

Vau lt  enclosu re. Table 2 lists a ll AP -1 magnet ic elemen ts. 

 Since AP-1 opera tes a t  two sign ifican t ly differen t  energies, 8 and 120 

GeV, the magnet ic elemen ts a re ramped. In  the or igina l design ,  Separa te low 

curren t  power  supplies were used for  8 GeV opera t ion  to improve regu la t ion . 

In  pract ice, it  was found tha t  ramping the 120 GeV power  supplies provided 

adequa te regu la t ion  and reduced the t ime requ ired to switch  between  

stacking and pbar  t ransfers. 

 AP-1 line power  supplies, with  the except ion  the supply power ing the F17 

B3 magnet  and C-magnets (M:F17B3 is loca ted a t  F2), a re found in  the F23 

service bu ilding. 
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ELEMENT P OWER  

SUP P LY 

TYP E OF 

DEVICE  

 

COMMENTS  

B3 Magnet  I:F17B3 F-17 Ver t ica l 

dipole 

cr it ica l device 

rolled 6° 

C-magnet  #1 I:F17B3 F17 Ver t ica l 

dipole 

cr it ica l device 

C-magnet  #2 I:F17B3 F17 Ver t ica l 

dipole 

cr it ica l device 

P0-HT M:HT100 20” bump  

PB1 M:HV100 EPB dipole cr it ica l device 

PB2 M:HV100 EPB dipole cr it ica l device 

PBR1 M:HV100 EPB dipole cr it ica l device, 

rolled 41° 

PBR2 M:HV100 EPB dipole cr it ica l device, 

rolled 41° 

PQ1 M:Q101 3Q120 quad  

PQ1-VTA M:VT101A 20” bump before sewer  pipe 

PQ1-VT M:VT101 35” bump  a ft er  sewer  pipe 

PQ2 M:Q102 3Q120 quad  

PBR3 M:HV102 AIRCO dipole rolled 45° 

PB3 M:HV102 AIRCO dipole  

PB4 M:HV102 AIRCO dipole  

PB5 M:HV102 AIRCO dipole  

PQ3 M:Q103 3Q120 quad  

PQ4 M:Q104 3Q120 quad  

PQ5A M:Q105I, 

M:Q105V 

3Q120 quad  

PQ5B M:Q105I, 

M:Q105V 

3Q120 quad  

PQ5-HT M:HT105 35” bump  

PBV1 M:V105 AIRCO dipole  

PBV2 M:V105 AIRCO dipole  

PQ6A M:Q106 3Q120 quad  

PQ6B M:Q106 3Q120 quad  

PQ7A M:Q107 3Q120 quad  

PQ7B M:Q107 3Q120 quad  

EB6  SDD dipole OFF for  st acking, 

cr it ica l device 

PQ7-HT M:HT107 35” bump   

PQ8A M:Q108 3Q120 quad  

PQ8B M:Q108 3Q120 quad  

PQ8-VT M:VT108 40” bump   

PQ9A M:Q109 3Q120 quad  

PQ9B M:Q109 3Q120 quad  

Sweeper  A M:USWA Sweep magnet  specia l magnet  

Sweeper  B M:USWB Sweep magnet  specia l magnet  

Table 2  AP-1 Magnet ic Elemen ts 
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1.  120 Ge V 

 120 GeV protons from the Main  In jector  a re extracted in  a  single tu rn  

in it ia ted by a  kicker  loca ted a t  MI-52. A ser ies of Lamber tson  magnets 

downstream of the kicker  bends beam ver t ica lly in to the P1 line. Beam is 

directed down the P1 line, then  passes in to the P2 line a t  F0 in  the Teva tron  

enclosu re. A Lamber tson  magnet  a t  F0 bends beam downward in to the 

Teva tron  when  it  is powered, so it ‟s left  off when  beam is desired in  the P2 

line. The P2 line, sometimes refer red to as the “Main  Ring remnan t”, 

t ranspor ts the beam between  F0 and  F17 where the AP-1 and P3 lines begin . 

Beam to pbar  is ben t  upwards by a  B3 type dipole and two C-magnets, 

powered by the I:F17B3 power  supply. I:F17B3 was formally a  Main  Ring 

bend power  supply and has been  specia lly modified for  its cu rren t  u se. If 

beam is dest ined for  the P3 line (for  SY120 opera t ion ), I:F17B3 is not  

powered. 

 

2.  8 Ge V 

 When  AP-1 is u sed for  pbar  t ransfers in to the Main  In jector , the firs t  fou r  

quadrupoles, PQ7A&B (M:Q107) and PQ6A&B (M:Q106), encoun tered by the 

an t iproton  beam are used to match  the opt ics of AP -1 and AP-3. As with  the 

AP-1 power  supplies, the D:H926 supply is ramped so tha t  the EB6 magnet  

(wh ich  bends beam from AP -3 in to AP-1) is not  powered dur ing stacking and 

is a t  the proper  field for  8 GeV opera t ion . After  en ter ing AP-1, pbars con t inue 

th rough  the P2 and P1 lines en  rou te to the Main  In jector . Note tha t  

PQ8A&B (M:Q108) and PQ9A&B (M:Q109) a re bypassed by the AP -3 line, 

they on ly run  a t  8 GeV curren t  on  the in frequen t  study per iods when  8 GeV 

protons a re t ransfer red to the Debuncher  via  AP -2. Protons can  a lso be 

“reverse in jected” from the Main  In jector  to the Accumula tor  via  AP -1 and 

AP-3 for  tune-up or  studies. 

  

E.  AP -2 

 Following the Lith ium Lens (D:LNV) in  the Target  Vau lt , a  pu lsed 3 

degree hor izon ta l dipole known as the Pu lsed Magnet  (D:PMAGV) is u sed to 

momentum select  nega t ively charged 8 GeV secondary par t icles in to the AP -2 

line. The AP-2 line then  t ranspor ts the selected par t icles towards the 

Debuncher . Most  of the secondar ies other  than  an t iprotons have a  shor t  

lifet ime and decay dur ing the jou rney down th is beamline. Whatever  is left , 
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mostly pions and electrons, does not  su rvive the first  severa l tu rns in  the 

Debuncher . AP-2 was designed to t ranspor t  an  8 GeV beam with  20  mm-

mrad (190  mm-mrad normalized) t ransverse emit tance and a  momentum 

spread of 4%. The t ransverse acceptance has been  improved to abou t  30  

mm-mrad th rough  var ious improvements . Table 3 lists the magnet ic 

elemen ts making up the AP -2 line. Note tha t  there a re numerous quadrupole 

shun ts to a llow flexibility in  changing the opt ics of the beamline. 

 According to the Tevatron  I Design  R eport , the AP-2 line can  be broken  

in to five pa r ts. The first  sect ion , beginn ing with  the Pu lsed Magnet , is 

descr ibed as the "clean -up" sect ion . After  exit ing the Target  Vau lt , the AP-2 

line passes th rough  two pa irs of quadrupoles and  ver t ica l t r im IQ2-VT 

(D:VT702) wh ich  is loca ted between  IQ2 and IQ3. Another  3° bend to the left  

by IB1 completes th is por t ion  of the line. There is a lso a  pa ir  of t r ims, IQ4-

HT (D:HT704) and IQ4-VT (D:VT704) loca ted between  IQ4 and IB1. 

Quadrupoles in  th is sect ion  a re powered by the D:Q701 and D:Q702 power  

supplies. 

 A t ranspor t  sect ion  follows, wh ich  consists of a  FODO la t t ice of 

quadrupole cells. These per iodic cells have a  length  of 27 meters. D:Q707 

powers a ll of the magnets in  th is sect ion , IQ7 – IQ14. Pa irs of hor izon ta l 

collimators a re loca ted immedia tely downstream of IQ7 and IQ9. Simila r ly, 

pa irs of ver t ica l collimators a re posit ioned downs tream of IQ8 and IQ10. 

Three ver t ica l and a  hor izon ta l t r im dipole a re con ta ined in  th is sect ion  to 

fine tune beam posit ion : IQ6-VT (D:VT706), IQ11-HT (D:HT711), IQ11-VT 

(D:VT711) and IQ14-VT (D:VT714). 

 Next  is a  left  bend made up of six bending elemen ts,  IB2-7 (D:H717), 

wh ich  deflects the beam by a  tota l of 36.53°. Each  bending magnet  has a  

shun t  for  fine orbit  con trol (e.g. D:HS7172) There is a lso a  ver t ica l t r im, 

IQ16-VT (D:VT716) loca ted a t  the upstream end of the bending st r ing. Four  

quadrupoles a re in terspersed amon gst  these bending magnets , powered by 

D:Q718 and D:Q719. The la rge hor izon ta l dispersion  in  the left  bend sect ion  

resu lts in  a  wide hor izon ta l beam, pa r t icu la r ly in  the cen ter  of the bends. For  

th is reason , momentum select ion  can  be done in  the middle of the sect ion  a t  

the IQ19 loca t ion  with  a  set  of hor izon ta l collimators. 

 Another  long t ranspor t  sect ion  follows, simila r  to the first  t ranspor t , made 

up of repea t ing FODO cells. However , the magnets a re powered by severa l 

differen t  power  supplies (D:Q716, D:Q719, D:Q724, D:Q725 and D:Q729). 
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Three ver t ica l t r ims and two hor izon ta l t r ims dipole a re in  th is sect ion , IQ23-

VT (D:VT723), IQ25-HT (D:HT725), IQ25-VT (D:VT725), IQ26-VT (D:VT726),  

and IQ27-HT (D:HT727).   

 The fina l por t ion  of the AP -2 line is an  ach romatic ver t ica l t ransla t ion  

in to the Debuncher  ca lled the "in jector" sect ion . The sect ion  end s a t  the 

downstream end of the 2 meter  magnet ic septum magnet . Beam is deflected 

downward in  th is por t ion  of the line with  a  3.7° bending magnet , IBV1 

(D:V730), and is t ransla ted 1.3 meters to be a t  the same eleva t ion  as the 

Debuncher . Three quadrupoles, IQ31-33 (D:Q731), a re loca ted in  the in jector  

sect ion  as well a s a  ver t ica l t r im IQ30-VT (D:VT730) and a  pa ir  of hor izon ta l 

t r ims, IQ30-HT (D:HT730) and IQ31-HT (D:HT731). A la rge quadrupole in  

the Debuncher , D4Q5, has a  la rge aper tu re to accommodate both  the 

circu la t ing and in jected beam. Th is la rge quad is of the same design  as those 

found in  the Accumula tor  h igh  dispersion  a reas. D4Q5 is powered by  both  

D:IB and D:QT405 for  a  tota l cu rren t  of more than  1,500 A. The la rge quads 

have fewer  windings and more distance between  the pole faces as compared 

with  the small quadrupoles found a t  the other  DxQ5 loca t ions. Therefore, 

they requ ire considerably mor e cu rren t  to produce the same field st rength . 

Because the AP-2 beampipe is offset  from the cen ter  of th is magnet , a  st rong 

ver t ica l bend is impar ted on  the  in jected  beam, bending pbars upward like 

the in ject ion  septum. A pu lsed magnet ic septum, ISEP (D:ISEPV), and 3-

modu le kicker  magnet , IKIK (D:IKIKV), complete the in ject ion  process. Two 

la rge quadrupoles a re loca ted in  the Debuncher  a t  the D4Q4 loca t ion , ju st  

downstream of ISEP, to improve aper tu re in  the in ject ion  region .  The la rge 

quadrupole pa ir  replaced a  single small quadrupole tha t  was or igina lly there.  

The D4Q4A&B pa ir  a re powered by a  single power  supply (D:Q404). In jected 

beam passes th rough  Debuncher  quadrupoles D4Q4A&B and D4Q3 before 

reach ing the in ject ion  kickers , loca ted between  D4Q3 and D4Q2 in  the 50 

st ra igh t  sect ion . Power  supplies for  AP-2 line magnets in  the upstream par t  

of the line a re loca ted in  AP0, those loca ted in  the middle of the line can  be 

found a t  F27, and downstream supplies reside in  AP50. Table 3 lists a ll of 

the AP-2 magn ets and power  supplies. 
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ELEMENT P OWER SUP P LY TYP E OF DEVICE  COMMENTS  

IQ1 D:Q701, D:QS701 SQC  

IQ2 D:Q702, D:QS702 SQC  

IQ2-VT D:VT702 NDB  

IQ3 D:Q702, D:QS703 SQC  

IQ4 D:Q701, D:QS704 SQC  

IQ4-HT D:HT704 NDB  

IQ4-VT D:VT704 NDB  

IB1 D:H704 modified B1 wide gap Cr it ical device 

IQ5 D:Q701, D:QS705 SQC  

IQ6 D:Q701, D:QS706 SQC  

IQ6-VT D:VT706 NDB  

IQ7 D:Q707 SQC  

IQ8 D:Q707 SQC  

IQ9 D:Q707 SQC  

IQ10 D:Q707 SQC  

IQ11 D:Q707 SQC  

IQ11-HT D:HT711 NDB  

IQ11-VT D:VT711 NDB  

IQ12 D:Q707 SQC  

IQ13 D:Q707 SQC  

IQ14-VT D:VT714 NDB  

IQ14 D:Q707 SQC  

IQ15 D:Q715 SQA  

IQ16-VT D:VT716 NDB  

IQ16 D:Q716, D:QS716 SQB  

IQ17 D:Q716, D:QS717 SQD  

IB2 D:H717, D:HS7172 6-4-120 wide gap Cr it ical device 

IQ18 D:Q718 SQB  

IB3 D:H717, D:HS7173 6-4-120 wide gap Cr it ical device 

IB4 D:H717, D:HS7174 SDE wide gap Cr it ical device 

IQ19 D:Q719, D:QS719 SQB  

IQ20 D:Q719, D:QS720 SQB  

IB5 D:H717, D:HS7175 SDE wide gap Cr it ical device 

IB6 D:H717, D:HS7176 6-4-120 wide gap Cr it ical device 

IQ21 D:Q718 SQB  

IB7 D:H717, D:HS7177 6-4-120 wide gap Cr it ical device 

IQ22 D:Q716, D:QS722 SQD  

IQ23 D:Q716, D:QS723 SQD  

IQ23-VT D:VT723 NDB  

IQ24 D:Q724 SQA  

IQ25 D:Q725 SQD  

IQ25-HT D:HT725 NDB  

IQ25-VT D:VT725 NDB  

IQ26 D:Q719, D:QS726 SQA  

IQ26-VT D:VT726 NDB  

IQ27 D:Q719 SQA  

IQ27-HT D:HT727 NDB  

IQ28 D:Q719, D:QS728 SQA  

IQ29 D:Q729, D:QS729 SQD  

IQ30 D:Q729, D:QS730 SQD  

IBV1 D:V730 modified B1 wide gap Cr it ical device 

IQ30-HT D:HT730 vernier  t r im  

IQ30-VT D:VT730 NDB  

IQ31 D:Q731, D:QS731 SQE  

IQ31-HT D:HT731 vernier  t r im  

IQ32 D:Q731, D:QS732 SQE  

IQ33 D:Q731, D:QS733 SQE  

D4Q5 D:QT405, D:IB LQE  

ISEP D:ISEPV pulsed septum  

IKIK D:IKIK 3-module k icker   

Table 3  AP-2 Magnet ic Elemen ts 
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F .  De bunche r to  Accum ulator (D to  A) 

 Beam is t ransfer red hor izon ta lly from the Debuncher  in to the 

Accumula tor  in  the 10 st ra igh t  sect ion . Extract ion  from the Debuncher  is 

accomplished with  a  3-modu le kicker , EKIK (D:EKIKV), and septum, ESEP 

(D:ESEPV) combina t ion . A 3-bump ca lled “Dex Bump” (Debuncher  extract ion  

bump) is ramped shor t ly before beam transfer  to posit ion  beam closer  to 

ESEP. Dex Bump was implemen ted to improve aper tu re a t  ESEP, a llowing 

circu la t ing pbars to be fu r ther  from ESEP when  they have a  la rger  emit tance  

(before they a re cooled).  The quadrupole in  the Debuncher  ju st  downstream 

of the septum, D6Q6, is a  la rge style quadrupole used in  much  the sa me way 

as D4Q5 is a t  the end of the AP -2 line. In  th is case, beam passes hor izon ta lly 

off-cen ter  th rough  D6Q6 providing a  grea ter  bend towards the Accumula tor . 

The D to A line has a  ver t ica l t r im (TQ1-VT) between  the first  two 

quadrupoles, and a  hor izon ta l t r im between  the second and th ird 

quadrupoles (the hor izon ta l t r im reta ins it s old name, TQ4-HT, a fter  being 

moved upstream a t  the beginn ing of Run  II). Another  ver t ica l t r im (TQ6-VT) 

as well a s a  major  bend, TB1&2 (D:H807A&B), a re found between  the sixth  

and seven th  quadrupoles. The ver t ica l t r ims can  be used together  to con trol 

the ver t ica l posit ion  and angle a t  in ject ion  in to the Accumula tor . The 

hor izon ta l t r im and dipoles provide some con trol of the hor izon ta l posit ion  

and angle a t  the Accumula tor  in ject ion  septa . Beam passes th rough  a  septa  

ELEMENT P OWER SUP P LY TYP E OF DEVICE  COMMENTS  

EKIK D:EKIK 3-module kicker   

ESEP D:ESEPV pulsed septum   

D6Q6 D:QT606, D:IB LQE  

TQ1 D:Q801, D:QS801 SQE  

TQ1-VT D:VT801 NDB  

TQ2 D:Q801, D:QS802 SQD  

TQ4-HT D:HT804 NDB  

TQ3 D:Q801 SQD  

TQ4 D:Q804, D:QS804 SQC  

TQ5 D:Q804 SQD  

TQ6 D:Q804, D:QS806 SQD  

TQ6-VT D:VT806 NDB  

TB1 D:H807A modified B1  

TB2 D:H807B modified B1  

TQ7 D:Q807 SQA  

ISEP2 A:ISEP2V pulsed septum   

ISEP1 A:ISEP1V pulsed septum   

IKIK A:IKIKV shut t ered kicker   

Table 4  D to A line Magnetic Elements 
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pa ir , ISEP2 (A:ISEP2V) and ISEP1 (A:ISEP1V) in to Accumula tor  quadrupole 

A1Q4, wh ich  has a  specia l extended lobe on  the vacuum “sta r” chamber . The 

beam travels 51 meters and passes th rough  270° of phase advance in  the 

Accumula tor  (and another  quadrupole with  a  specia l sta r  chamber  a t  A1Q8) 

and then  is kicked on to the Accumula tor  in ject ion  orbit  with  a  shu t tered 

kicker , IKIK (A:IKIKV), in  the A20 h igh  dispersion  st ra igh t  sect ion . All D to 

A line power  supplies a re loca ted in  the AP10 service bu ilding except  

A:IKIKV, which  is loca ted a t  AP30. 

 

G.  AP -3 

 Th is t ranspor t  line can  be separa ted in to five sect ions: extract ion , a  long 

t ranspor t , a  left  bend, another  long t ranspor t  and a  ta rget  bypass. When  

beam is extracted from the Accumula tor , a  shu t tered kicker , EKIK 

(A:EKIKV) in  the A20 h igh  dispersion  st ra igh t  sect ion  kicks beam 

hor izon ta lly towards the in side of the Accumula tor . The kicked beam goes 

th rough  270° of phase advance so tha t  when  it  reaches st ra igh t  sect ion  30, it  

passes th rough  the field region  of a  Lamber tson  magnet , ELAM (D:ELAM), 

on  the radia l ou tside of t he Accumula tor . ELAM bends beam upwards and 

ou t  of the Accumula tor  and a  'C' magnet  ju st  downstream of the Lamber tson  

supplies an  addit iona l upward bend. These devices, both  powered by the 

D:ELAM power  supply, ra ise the extracted beam to a  level 1.2 meters above 

the Accumula tor . Two separa te downward bends, EBV1&2, of 50 mrad each  

level the extracted beam a t  the same heigh t  a s the AP-1 and AP-2 lines. In  

the extract ion  channel there a re a lso five quadrupoles, EQ1, EQ2, EQ3A&B, 

and EQ4, and a  hor izon ta l t r im, EQ1-HT. EBV1&2 have shun ts tha t  serve 

the pu rpose of ver t ica l t r ims, necessita ted by the limited ava ilable space in  

th is pa r t  of the beamline. 

 After  the down/leveling bends, beam passes th rough  the first  long 

t ranspor t  consist ing of ten  quadrupoles, EQ5-14. Th is has a  repea t ing FODO 

la t t ice simila r  to the long t ranspor t  sect ions of the AP -2 line, a lthough  the 

cell length  is longer . A cluster  of th ree t r ims, EQ6-HTA, EQ6-VT, EQ6-HTB, 

is loca ted a t  the upstream (in  the pbar  direct ion ) end of th is sect ion . 

 A bend to the left , EB1-3, follows. There a re two quadrupoles, EQ15 and  

16, loca ted in  the bend sect ion . Beam then  is directed th rough  a  second long 

t ranspor t , wh ich  is simila r  to the previous one. Th is long t ranspor t  runs 

pa ra llel to the first  long t ranspor t  in  the AP-2 line. Th is sect ion  includes n ine  
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quadrupoles, EQ17-25, and ver t ica l t r ims, EQ17-VT & EQ25-VT, a t  each  

end. 

  The AP-3 line then  bypasses the ta rget  by means of an  ach romatic 

t ranspor t  u sing th ree dipoles and th ree quadrupoles, EQ26 -28. The first  of 

the th ree dipoles, EB4, is electr ica lly connected with  EB1-3, wh ich  makes up 

ELEMENT P OWER SUP P LY TYP E OF DEVICE  COMMENTS  

EKIK A:EKIK shut ter ed kicker   

ELAM D:ELAM 80” Lamber t son   

C- magnet  D:ELAM 30” „C‟ magnet   

EQ1 D:Q901 SQC  

EBV1 D:V901, D:VS901 modified B1 Cr it ical device 

EQ1-HT D:HT901 NDB  

EQ2 D:Q901 SQD  

EQ3A D:Q903 SQD  

EQ3B D:Q903 SQD  

EQ4 D:Q901 SQB  

EBV2 D:V901, D:VS904 modified B1 Cr it ical device 

EQ5 D:Q901 SQC  

EQ6 D:Q901 SQD  

EQ6-HTA D:HT906A 40” bump  

EQ6-VT D:VT906 NDB  

EQ6-HTB D:HT906B NDB  

EQ7 D:Q907 SQE  

EQ8 D:Q907 SQA  

EQ9 D:Q909 SQA  

EQ10 D:Q909 SQA  

EQ10-HT D:HT910 NDB  

EQ11 D:Q909 SQA  

EQ12 D:Q909 SQA  

EQ13 D:Q913 SQA  

EQ14 D:Q914 SQA  

EB1 D:H914 SDE Cr it ical device 

EQ15 D:Q913, D:QS915 SQC  

EB2 D:H914 SDE Cr it ical device 

EQ16 D:Q916 SQC  

EB3 D:H914 SDE Cr it ical device 

EQ17 D:Q917, D:QS917 SQA  

EQ17-VT D:VT917 NDB  

EQ18 D:Q917 SQA  

EQ19 D:Q919, D:QS919 SQB  

EQ20 D:Q919 SQA  

EQ21 D:Q919 SQA  

EQ22 D:Q919 SQA  

EQ23 D:Q919 SQA  

EQ24 D:Q924 SQA  

EQ25 D:Q924, D:QS925 SQA  

EQ25-VT D:VT925 NDB  

EB4 D:H914, D:HS925 SDE Cr it ical device 

Target  bypass    

EQ26 D:Q926, D:QS926 SQB  

EB5 D:H926 SDD  

EQ27 D:Q926 SQC  

EQ28 D:Q926, D:QS928 SQD  

EB6 D:H926 SDD  

Table 5  AP-3 Magnet ic Elemen ts 
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the left  bend. Following EB4, AP-3 exits the Transpor t  enclosu re and 

bypasses the Target  Vau lt . After  the ta rget  bypass, AP -3 en ters the Pre-Vau lt  

enclosu re and encoun ters two bends, EB5&6, wh ich  direct  beam in to the AP -

1 line. The fina l dipole of the ta rget  bypass , EB6, is actua lly in  the AP -1 line 

between  PQ7B and PQ8A. Since it  is physica lly in  the AP -1 line, it s power  

supply (D:H926) must  be ramped down dur ing 120 GeV stacking cycles. 

 Three service bu ildings house AP -3 line power  supplies: AP30 for  the 

upstream end, F27 for  the major ity of the supplies, and AP0 for  the 

downstream por t ion . 

 


